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/t^r/rarr  -  Investigation  of  the  basic  physics  associated  with 
Kleclromagnelic  Launcher  (EML)  operation  requires  accurate 
measurement  ofa  number  of  diverse  phenomena.  Monitoring  and 
recording  EML  phenomena  during  operation  over  rciativeiy  iong 
lime  frames  places  unusual  demands  on  a  Data  Acquisition 
System  (DAS).  While  thesampiingratcrequiremeniismodcstby 
today's  DAS  standards,  the  combination  of  the  sampling  rate  and 
the  number  of  events  to  be  monitored  presents  challenges.  This 
paper  describes  the  evolution  of  a  data  acquisition  approach  in  use 
for  bask  research  in  the  EML  area,  discusses  data  acquisition 
capabilities  and  requirements,  and  presents  examples  of  the  data 
whkh  has  been  obtained  using  this  approach. 

I.  LvmoDCcnoN 

EML  diagnostic  techniques  which  include: 
instnimeniaiion,  signal  conditioning,  signal  transmission, 
calibration,  and  data  acquisition  have  been  addressed  to  some 
extent  by  many  EML  researchers.  In  fact,  workshops  focusing 
on  these  topics  for  several  EML  subsystems  have  detailed  the 
requirements  and  approaches  commonly  used  [1,2].  Where 
data  acquisition  is  concerned,  the  most  commonly  used 
approach  has  been  the  storage  oscilloscope.  The  storage  scope 
offers  the  advantages  of  built-in  signal  conditioning,  high 
resolution  for  monitoring  relatively  fast  pulse  evenu  and 
portability.  This  combination  of  features  provides  a  degree  of 
userfriendliness  which  has  made  the  storage  scope  the  device  of 
c  hoice.  The  principle  disadvantages  have  been  post  experiment 
data  manipulation  for  analysis  as  well  as  limited  memory 
capacity.  Both  of  these  disadvantages  are  magnified  as  the 
number  of  signals  to  be  monitored  or  the  duration  of  the 
experiment  increases. 
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Data  acquisition  for  long  duration  experiments  involving 
multiple  EML  discharges  was  first  approached  using  a 
combination  of  the  traditicr.al  storage  scope  set-up  with  a 
separate  set  of  scopes  for  each  discharge  and  an  FM  tape 
recorder  [3].  While  this  approach  met  the  needs  of  these  early 
experiments  (1984-85),  which  were  ty'pically  viewed  over  a 
two  second  window,  real  lime  correlation  of  the  various  signals 
duringanalysis,  post  experiment  processing  and  archiving  of  the 
data  was  hampered  by  the  number  of  discrete  instruments  used 
and  the  fact  that  they  were  not  centrally  controlled.  Follow- 
on  approaches  used  custom  combinations  of  waveform 
digitizers  and  minicomputer  systems  to  address  these  issues. 
Early  digitizer  memory  limitations  again  resulted  in  large 
numbers  of  instruments  and  a  signif  ^cant  software  development 
task.  The  potential  advantages-in  data  processing  and  archiving 
offered  by  evolving  digitizer  technology  provided  an 
auractive  approach  for  future  experiments  which  would  be 
more  demanding.  For  these  reasons  the  Electromagnetic 
Launcher  Technology  Branch  of  Wright  Laboratories  (WL/ 
MNSH)  has  punued  the  application  of  digitizer  technology  in 
sui^xxt  (tf  bask  research  conducted  with  the  Banery  Powered 
Capacitor  and  the  CHECMATE  EMLs  where  high  data 
throughput  is  required. 

11.  REQLIRE.MENTS 

Data  collection  for  EML  research  is  an  activity  that  is 
complicated  by  both  the  diverse  nature  of  the  data  to  be 
acquired  and  the  duration  during  which  this  occurs.  Fig.  I 
illustrates  the  diversity  of  typkd  signals  that  are  monitored 
in  EML  research.  These  signals  can  be  generally  grouped  in 
twocaiegories;  burst  and  event  Burst  signals  are  those  which 
are  monitored  for  the  complete  experiment  duration  where  as 
event  signals  ate  focused  on  a  discrete  event  within  the  overall 
expeiimenL  This  division  is  brought  about  by  the  conflicting 
requirements  for  sampling  rate  and  sampling  duration  of  the 
signals  concerned. 
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Event  signals  arc  potentially  the  most  demanding  in  terms 
01' storage  and  handling  requirements.  Signals  in  this  category 
result  from  transient  phenomena  that  occur  in  micro  to 
millisecond  time  frames,  usually  during  the  EML  discharge. 
These  rapid  events  require  high  sampling  rates,  usually 
hundreds  of  kHz.  to  provide  adequate  waveform  resolution. 
Maintaining  such  high  sampling  rates  for  a  long  duration, 
several  seconds,  experiments  require  large  data  storage 
capacity.  For  example,  continuous  sampling  at  200kH2  (5 
microscconds/point)  for  a  typical  five  second  experiment 
requires  1  megabyte  of  memory.  A  typical  ENfl-  experiment 
requires  approximately  20  such  signals  be  monitored  as  a 
minimum. 

Burst  signal  sampling  rate  requirements  vary  over  a  broader 
range  than  do  event  signals.  Generally,  signals  in  this  category 
result  from  phenomena  that  occur  over  relatively  long  time 
frames,  hundreds  of  milliseconds  to  seconds.  Usually  these 
signals  are  associated  with  EML  support  systems  such  as 
pneumatic  and  power  subsystems  where  tens  of  kilohertz 
sampling  will  provide  adequate  waveform  resolution. 
However,  depending  on  the  scale  and  scope  of  the  experiment, 
hundreds  of  signals  in  this  category  may  need  to  be  monitored 
fora  single  experiment  In  addition,  some  burst  signals,  power 
supply  switching  and  control  signals  for  example,  may  require 
sampling  rates  as  high  as  the  event  signals.  The  net  result  is  yet 
another  large  data  processing  and  storage  requirement 

Table  I  summarizes  the  event  and  burst  signal  requirements 
that  are  typical  of  the  EML  experiments  conducted  with  the 
Battery  Powered  Capacitor  and  CHECMATE  EMLs. 
Experiments  of  two  to  seven  seconds  in  duration  are  routinely 
conducted  with  these  EMLs. 

The  combined  effects  of  sampling  rate,  sampling  duration, 
and  number  of  signals  to  be  monitored  not  only  result  in  very 
large  data  storage  requirements  they  also  directly  efTeathe 
rate  at  which  research  can  progress.  Post  experiment  processing 
of  large  quantities  of  data  to  facilitate  analysis  can  be  a 
significant  overhead  burden.  Data  processing  hardware 
requirements  and  more  importantly  custom  software 
development  requirements  increase  at  least  linearly  with  the 
quantity  of  data.  As  the  sophistication,  duration,  and  scale  of 
EML  experiments  increase  simultaneously  the  need  to 
minimize  these  impacts  becomes  more  and  more  important  The 
preferred  approach  to  satisfying  the  data  acquisition 
requirements  then  must  address  achieving  the  desired 
waveform  resolution  and  at  the  same  time  minimize  the  overall 
volume  of  data. 


TABLE  I. 


Eve.st  a-vd  Bliut  Signal  Reqcwz*c.vts 


Signal 

Category 

.Vumber  of 
Signals 

Signal 

Duration 

B.dot 

Event 

10-20 

.l-lmtec 

Breech  Current 

Event 

1  -4nisec 

Breech  Voltage 

Event 

1 

1  -4msec 

Muzzle  \'oltage 

Event 

1-4 

I  -4msec 

Heat  Flux 

Bunt 

3 

1  -7msec 

Bore  Prettute 

Event 

3 

1 -4m  tec 

Capacitor  Vohage 

Bum 

4-16 

1 -7msec 

Control 

Bunt 

S-10 

1  •7mtec 

HI.  C.^PABIUTIES 

The  data  acquisition  approach  presendy  in  use  for  E.ML 
basic  research  by  MNSH  consists  of  a  fully  integrated 
waveform  digitizer  D.AS.  In  it's  present  configuration  32 
input  modules  provide  56  digitizer  channels  which  are 
centrally  controlled  by  a  3S6  PC.  Characteristics  and  features 
of  this  DAS  are  summarized  in  Table  II.  The  key  features  in 
terms  of  the  EML  research  data  requirements  are  it's  ability  to 
sample  high  rate  signals  in  a  segmented  fashion  while 
maintaining  a  continuous  time  base,  expansion  potential,  and 
level  of  integration. 

Overall  data  volume  is  reduced  considerably  by  the  DAS's 
ability*  to  acquire  high  speed  data  in  segments.  Fig.  2  shows  a 
one  second  window  of  an  EML  experiment  which  illustrates 
the  efficiency  of  this  approach.  The  upper  plot  shows  several 
waveforms  sampled  on  a  continuous  basis  over  the  duration  of 

TABLE  II. 

Das  OiAKAcmisTics  a.m>  Featvhes 


•  386/20  MHz  PC  ConiroOer 

4080  Dipunr  Cipadly 
Qiamci  CBn/iguiuioni  Stored  £  RecaUed 
Btuh-bi  btoactive  Math  Funciions 
IndependeBt  A  But  Tii||efin| 

On  Screes  Quick  Look  Capability 

•  8  Four  Charuiet  1  .MHz  Di|iiizen 

I  -2-4  Cbisnc]  Conniuraiioiit 
2S6k  Mesoiy  (Eipandable  to  I  SUg) 

1024  Sepsenu  With  Separate  Tenebaset 
3  Oiptizisi  Ralct  per  S^mcM 
30inV.  12  V  Input 

•  8  Sifi|le  Channel  2  MHz  Di|tiitcn 

I  McgMcBtoiy 
30mV- 12  V  Input 

•  16  Single  Chanatl  10  MHz  Di|iiizcn 

I  McgMnoiy 

_ 30BtV-l20Vlw)Mi _ 
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the  experiment  while  the  lower  plot  shows  the  same  signals  divided  into  three  zones  and  separate  sampling  rates  can  be 

sampled  in  segments.  This  feature  allows  high  sampling  rate  specified  for  two  zones.  In  this  way  high  rate  sampling  can  be 

data  acquisition  over  user  specified  windows  which  are  small  more  nanowly  focused 
compared  to  the  overall  experiment.  Data  is  not  acquired  during 

the  time  between  the  windows,  however,  a  continuous  time  The  DAS  system  includes  both  hardware  and  software  to 
base  is  maintained.  Using  this  approach  has  resulted  in  an  order  provide  a  high  degree  of  overall  integration.  A  20  MHz  386 
of  magnitude  reduction  in  the  data  storage  requirements  for  personal  computer  controller  is  interfaced  with  the  digitizers, 
event  signals.  Pre-experiment  channel  setup  is  accomplished  centrally  via  the 

controller  and  provision  is  made  for  storage  and  recall  of  all 
Input  capacity  of  the  DAS  is  expandable  to  4080  input  channel  configurations.  Built-in  interactive  math  functions 
modules  which  would  provide  over  16,000  data  channels.  In  such  as  differentiation,  integration,  and  smoothing  are 
addition,  further  capacity  can  be  achieved  by  using  another  combined  with  an  on-screen  quick  look  capability  to  faciliute 
feature  of  the  DAS.  Each  segment,  as  discuss^  above,  can  be  post  experiment  data  analysis. 
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IV.  Data 

Fig.  3  shows  some  event  dnu  typical  of  the  experiments 
conducted  with  the  Battery' Powered  Capacitor  EML.  Note  that 
the  data  time  line  is  not  continuous.  Each  discharge  into  the 
E.ML  IS  windowed  to  only  the  time  of  interest.  Here,  a  typical 
experiment  consisting  of  30  events  is  shown  with  eight  of  the  26 
event  signals  recorded  superimposed  on  the  same  plot  The 
sampling  rate  used  to  monitor  these  signals  was  143  kHz.  The 
total  duration  of  this  experiment  was  6.6  seconds.  If  data  had 
been  acquired  on  a  continuous  basis  approximately  1  Mbyte  of 
memory  would  have  been  needed  for  each  channel.  Segment 
limes  of  14.7  msec  were  used  which  only  required  63  kbytes  of 
memory  per  channel. 

The  expanded  plots  in  Fig.  3  provide  an  indication  of  the 
resolution  and  nature  of  the  data  embedded  within  each  event 
These  expanded  sections  were  selected  from  random  launch 
events.  The  EML  current  rises  to  a  peak  value  of  approximately 
200kAin  about  1ms.  From  the  muzzle  voltage  trace,  we  can  sec 
the  voltage  rises  until  the  plasma  armature  ignites  and  then 
drops  to  a  relatively  constant  armature  voltage  during 
acceleration.  After  launch  package  exit,  the  voltage  rises  again. 
The  B-dot  data  shows  the  progression  of  the  armature  down  the 
bore. 


B-dot  signals  present  one  of  the  more  demanding  data 
acquisition  requirements.  One  application  of  the  B-dot  is  to 
sense  the  position  of  the  EML  armature.  As  the  speed  of  the 
armature  increases  so  does  the  sampling  rate  needed  to 
maintain  the  desired  resolution.  Fig.  4  shows  an  example  of 
B-dot  taken  during  recent  experiments  with  the  CHECMATE 
EML.  Seven  of  the  19  B-dot  signals  sampled  during  this 
experiment  are  shown  superimposed  on  the  same  plot.  One 
pulse  from  the  first  event  is  expanded  to  more  clearly  show'  the 
waveform  resolution.  These  signals  were  sampled  at  a  1  MHz 
rate  over  a  4  msec  segment  for  each  of  the  two  events.  The  toul 
memory  required  per  channel  was  approximately  eight 
kbytes.  One  Mbyte  of  memory  would  have  been  required  to 
continuously  sample  at  this  rate  over  the  duration  of  the 
complete  experiment. 

V.  CO.NCLLSION 

The  data  acquisition  approach  desenbed  in  this  paper 
provides  the  required  performance  for  long  duration  EML 
research  experiments.  Integrated  DAS  systems  which  employ 
digitizer  technology  successfully  address  present  waveform 
resolution  and  data  processing  demands  with  considerable 
reserve  capacity  for  the  future.  Full  capacity  of  the  present 
DAS  configuration  with  respect  to  throughput  and  data  storage 
has  not  been  required  to  date  in  a  single  experiment.  However, 


Fig.  3.  Baiieiy  Powered  Capidior  EML  Dau 

5 


Fif.  4.  CHEOIATE  EML  Dau 


as  the  duraiion  and  scale  of  these  EML  experiments  increase  in  Electromagnetic  Launcher  Workshop  II,  Tamanon,  Colorado 

the  near  term  it  is  anticipated  that  all  of  the  capabilities  offered  24-27  March  1987. 
in  the  present  DAS.  to  include  segmenting  with  multiple 

sampling  rates,  will  be  used.  [3]  Beutel,  H.K..  Skidmore,  M£.,  Barber  J.P.,  "Multi-shot 

Electromagnetic  Test  Fixture",  AFATL-TR -86-67,  January 
REFERE-N'CES  1987. 

[1]  Brov  .i,  J.L.,et  al.,  "EM  Gun  Armature  Workshop",  Air 
Force  Armament  Laboratory  Technical  Note  Proceedings  of 
the  First  Electromagnetic  Gun  Workshop,  EglinAFB,  Florida, 

24-26  June,  1986. 


(2]  Martin.  J.C..  et  al.,  "Diagnostic  Techniques".  Air  Force 
Armament  Laboratory  Technical  Note  Proceedings  of  the 
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